CITED BY APPHCANT 



(19) 




EuropSisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(43) Date of publication: 

14.02.1996 Bulletin 1996/07 

(21) Application number: 95305111.7 

(22) Date of filing: 21.07.1995 



(11) EP 0696841 A1 

EUROPEAN PATENT APPLICATION 

(51) intci ^: H02M 3/335 



(84) Designated Contracting States: 
DE FR GB IT 

(30) Priority: 10.08.1994 tIS 289024 

(71) Applicant: Hewlett-Packard Company 
Palo Alto, California 94304 (US) 



(72) Inventors: 

• Barbehenn, George 
Vancouver, WA 98684-9153 (US) 

• Elgee, Steven B: 
Portland, OR (US) 

(74) Representative: Colgan, Stephen James et al 
London WC1 A 2RA (GB) 



(54) SEPIC converter with transformerless line isolation 



(57) In DC-DC switching converters of the sin- 
gle-ended primary inductance (SEPIC) type, using a 
high frequency transformer to isolate the load from the 
AC power line is difficult because its leakage inductance 
causes serious circuit problems. In the invention, an ad- 
ditional coupling capacitor provides the required DC iso- 
lation without affecting circuit performance. The total 
coupling capacitance may be chosen to limit the power 
line frequency leakage current to a safe value. 




Fig. 2 



oo 

o 

Q. 
liJ 



Printed by Jouve (FR). 



BNSDOCID: <EP ^0696841A1 J_> 



EP 0 696 841 A1 



t 



Description 

FIELD OF THE INVENTION 

This invention pertains to DC-DC switching power 
supplies and, in particular, to obtaining powerline isola- 
tion between input and output in a SEPIC power supply. 

BACKGROUND AND SUMMARY OF THE 
INVENTION 

A very common need in electronics is converting AC 
powerline energy to DC power to supply an electronic 
circuit as a load. In addition, it is often necessary to reg- 
ulate the DC power that is, to maintain the load voltage 
approximately constant in spite of variations In the pow- 
erline voltage and the load current. Series regulators - in 
effect, controllable resistances in series with the load - 
have given place, in many applications, to switching reg- 
ulators. In these regulators, the powerline voltage is rec- 
tified to DC, which is then switched into various inductors 
and capacitors at a frequency hundreds or thousands of 
times higher than the powerline frequency. These reac- 
tances alternately absorb powerline energy and deliver 
it to the load in a manner which is controlled to provide 
a constant load voltage. 

A major reason tor the popularity of switching regu- 
lators Is that their power conversion efficiency can ap- 
proach 100%. a figure unobtainable with series regula- 
tors- 
Standard switching regulator topologies include the 
buck regulator, in which the output DC voltage is less 
than the input, and the boost regulator, whose output 
voltage is higher than the input. The single-ended prffna- 
ry inductance converter (SEPIC) is a more recent topol- 
ogy which uses two inductors and which has the consid- 
erable advantage of allowing the output voltage to be ei- 
ther higher or lower than the input. 

A good discussion of the theory of operation of the 
SEPIC converter and its advantages and limitations is 
found in the paper "High power factor preregulator using 
the SEPIC converter", by Lloyd H. Dixon, Jr., which is 
included herein by reference. The paper is found in the 
Unitrode Power Supply Design Seminar Manual, copy- 
right 1 993 and published by Unitrode Integrated Circuits, 
Merrimack, NH. 

One problem which must be solved for most regula- 
tors is how to isolate the human operator (of the elec- 
tronic circuit) from any possibility of direct contact with 
the AC powerline. A common solution is to use a trans- 
former in the line-to-load path, either at the line frequen- 
cy, or. preferably, at the higher switching frequency. But 
the transformer, while providing ohmic (DC) isolation, 
must also have a limited primary-secondary capaci- 
tance, so that linef requency leakage current which could 
flow through this capacitance will be restricted to a safe 
value. 

As Dixon explained on page 6-1 1 . there are techni- 



cal reasons why it is difficult to include a transformer at 
the switching frequency in a SEPIC converter. He further 
added that there were no known solutions to the difficul- 
ties and that a solution, if found, would enhance the use- 

5 fulness of the SEPIC topology. 

In the present invention, powerline isolatbn in a 
SEPIC converter is achieved without using a transform- 
er. Referring to Fig. 1 , the converter Is shown, for explan- 
atory clarity, as comprising a primary circuit 20 coupled 

10 to a secondary circuit 30. The forward paths (22.32) of 
these circuits are connected with a capacitor Ccl, while 
their return paths (24,34) are connected with a low ohmic 
conductor, such as a wire. Clearly, the return path con- 
nection could subject one who touches the load 40 to a 

IS dangerous contact with the powerline supplying the 
source energy Vi and li. (There can also be a path of 
mutual inductance between LI and L2, but this path 
would provide isolation at line frequencies.) In the inven- 
tion, explained in more detail below, a second coupling 

20 capacitor Cc2 substitutes for the conductor in the retum 
path (24,34), thus providing ohmic isolation for the out- 
put. If the series equivalent capacitance of Ccl and Cc2 
are chosen to equal the previous value of Ccl, there is 
no change in the high frequency operation of the circuit. 

2S Likewise, the parallel combiriation of the two coupling ca- 
pacitors may be chosen to limit the leakage current to a 
safe value. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



Fig. 1 is a simplified circuit diagram of a prior art 
SEPIC converter. 

Fig. 2 is a simplified circuit diagram of an improved 
SEPIC converter according to one embodiment of the 
3S invention. 

DETAILED DESCRIPTION 

Referring now to Fig. 1 . a simplified circuit diagram 

40 of a prior art SEPIC converter, the principle elements and 
features o1 the circuit will shortly be described. For a full 
understanding of the scope of the present invention, it is 
not necessary to study the detailed operation o1 the cir- 
cuit. This operation is described adequately in the refer- 

45 enced Dixon paper. 

A source of rectified line power, with voltage Vi and 
current li, supplies the converter at the input of primary 
circuit 20. Primary circuit 20 consists of inductor LI and 
switch 31. Switch SI is, typically, a MOSFET whose 

so ON/OFF states are controlled by an appropriate voltage 
applied to gate 26. A secondary circuit 30 consists of in- 
ductor L2, rectifying diode D1 . and filter capacitor Co. A 
load - presumably an electronic circuit - is shown sym- 
bolically as a box 40. Secondary circuit 30 is connected 

ss to load 40 and delivers regulated power to it as voltage 
Vo and current lo, as shown on the right side of the figure. 
The forward paths 22 and 32 of the primary and second- 
ary circuits 20 and 30 are coupled together by capacitor 
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Cc1 , an important element in a SEPIC converter (refer- 
ence, page 6-2ff). The return paths 24 and 34 are linked 
by a conductor. 

It is evident that this circuit does not isolate the load 
(and a human user who may touch it) from the rectified 
line. If a "hot" (i.e., dangerous) line is connected to the 
primary return 24. its connection to the load is obvious. 
Even if the hot line is connected to the input of LI , there 
is still a low impedance connection to the load via LI , 
whose reactance is small at the line frequency, and 
switch SI , which is closed a sizable fraction of the time. 

When line isolation is needed, acomnrwn practice Is 
to insert a transformer which provides high primary-sec- 
ondary resistance, often hundreds of megohms. It is eco- 
nomical, in switching supplies, to locate such a trans- 
former in the high frequency portion of the circuit, since 
its core and windings can be much smaller than an equiv- 
alent transformer operating at the powerline frequency. 
In the SEPIC converter, it would be natural to convert L2 
into a two-winding transformer, with primary inductance 
the same value as L2. However, in the reference (page 
6-1 1 ), it is explained that the leakage inductance of such 
a transformer causes intractable problems in this con- 
verter. Hence, providing line isolation is regarded, in the 
reference, as an unsolved problem. 

In a preferred embodiment of the invention, illustrat- 
ed in Fig. 2, line isolation is achieved by coupling the re- 
turn paths 24 and 34 with a second capacitor Cc2. It the 
series capacitance of Ccl* and Cc2 is the same value as 
Cc1 , there is no effect on the circuit operation. This may 
be seen by noting that any circuit mesh, such as 
LI -Ccl •-L2or S1 -Ccl "-D1 -Co. which passes through Ccl 
also passes through Cc2. 

Regarding line frequency jeakage current which can 
flow through the capacltive reactance: CcV and Cc2 are 
effectively in parallel, at least when SI is closed. Hence 
their parallel capacitance must be limited to that value 
which causes no more leakage current than what is al- 
lowed under recognized safety criteria, such as pub- 
lished by Undenwriters Labs. This upper bound on the 
total capacitance may also constrain the maximum pow- 
er level at which the circuit may operate. This is because 
the pulsed current flowing through the coupling capaci- 
tors causes a triangular voltage waveform to appear on 
each. The amplitude of the waveform is proportional to 
the current and inversely proportional to the capacitance. 
Hence, with a maximum allowed value of capacitance, 
circuit constraints may limit the current magnitude also. 

We have described and illustrated the principles of 
our invention with reference to a preferred embodiment; 
however, it will be apparent that the invention can be 
modified in arrangement and detail without departing 
from such principles. It will be recognized that the de- 
tailed embodiment is illustrative only, and should not be 
taken as limiting the scope of our Inventran. Rather, we 
claim as our invention all such variations as may fall with- 
in the scope and spirit of the following claims and equiv- 
alents thereto. 



Claims 

1. A DC-DC single-ended primary inductance con- 
verter (SEPIC) coupled between a source of DC 

5 energy (Vi, li) and a load (40). comprising: 

a primary circuit (20) having an input coupled 
to the source of DC energy (VI, li) and an output com- 
prising fonward (22) and return (24) paths; 

a secondary circuit (30) having an input com- 
10 prising forward (32) and return (34) paths and an 
output coupled to the load (40); 

a first coupling capacitor (Cc1) connected 
between the fonward path output (22) of the primary 
circuit (20) and the forward path input (32) of the sec- 
ts ondary circuit (30); and 

a second coupling capacitor (Cc2) connected 
between the return path output (24) of the primary 
circuit (20) and the retum path Input (34) of the sec- 
ondary circuit (30). 

20 

2. A SEPIC converter, as recited in claim 1, wherein 
the total capacitance of the first and second coupling 
capacitors is a capacitance value limiting powerline 
frequency leakage current between primary and 

2S secondary circuits to less than a predetermined 
amount. 

3. A SEPIC converter, as recited in claim 1, wherein 
the primary circuit (20) includes a primary inductor 

30 (LI ), the secondary circuit (30) Includes a secondary 
inductor (L2), and the primary inductor and second- 
ary inductor are mutually coupled. 

4. In a DC-DC SEPIC converter of the type including a 
3S primary circuit (20) having an output with fonward 

(22) and return (24) paths, a secondary circuit (30) 
having an input with fonward (32) and retum (34) 
paths, a method for obtaining DC isolation between 
primary and secondary circuits without using a 
40 transformer, comprising the steps of: 

coupling the forward output path and the for- 
ward input path with a first coupling capacitor (Ccl); 
and 

coupling the return output path and the retum 
46 input path with a second coupling capacitor (Cc2). 

5. In a method for obtaining DC Isolation between pri- 
mary and secondary circuits of a SEPIC converter, 
as recited in claim 4. the additional step of 

so limiting the total capacitance of the first and 

second coupling capacitors to a value which pre- 
vents primary to secondary circuit powerline fre- 
quency leakage current from exceeding a predeter- 
mined value. 

55 

6. In a DC-DC single-ended primary inductance con- 
verter (SEPIC) of the type including a primary circuit 
(20) comprising a primary Inductor (LI) and a switch 
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(SI ). and having an output with fonward (22) and 
return (24) paths; a s^icondary circuit (30) connpris- 
ing a secondary inc ::tor (L2). a rectifying diode 
(D1 ). and a fitter capacitor {Cc\) and having an input 
with fonward (32) and return (34) paths; and a first s 
coupling capacitor (Ccl) connected between the pri- 
mary and secondary fonward paths, the improve- 
ment which comprises: 

a second coupling cafjacitor (Cc2) connected 
between the primary and secondary return paths. io 

7. An improved SEPIC converter, as recited in claim 6, 
wherein the primary and secondary inductors are 
mutually coupled. 

IS 
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Fig. 1 (prior art) 




Fig. 2 
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